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Explosive Experiments to Verify
Equations of State Relationshins
Steady Rate Stick Velocities determined
from Proton Radiographs
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800 e pRad Facility

• Accelerator able to give any number of pulses
over up to nearly 1 ms .

• Up to 21 pictures, using 3 lenses, 125 mm
field of view system(Beam profile, object, and
2 image planes locations)

• Magnifier System 3 .1 x and new 7 .1 x
• Collimators in each lens syste m
• VISAR and gauge signal recording availabl e
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• Effective transmission through up to 20 +
g/cm2

• Scintillators used at image planes to obtain
optical image on CCD camera s

• 156 dynamic experiments since 199 7

• 10 lbs TNT Equivalent HE authorization

• Capable of classified and unclassified test .
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Rate Stick Experiments
25

PBX 9502 1 mm 3

PBX 9407

12 . 7

Transmission Radioin Volume Density Imag e

radiograph assuming axial symmetry
and the proton attenuation parameters

,Aw i .~ic+ c~~

U 2

~..i
>, • .~..+., ..i ~~

Q •
Q *+• ,

. ~ «.

0

6 -4

MESA

PR ad 008 0

z

Comparison of axial density from
MESA Calculation using the
JWL EOS and Density found on

axis in image above .

M~11piM McW r 1~ cwlry AANiWb~lb n

PRad 0080 : 12mm PBX 9502 Rate Stick

,-1A.- fid
a APS SpCM July 2003 4

Volume density derive from the



Aver iagng Techniques to Beat Nois e
PRad 011 6

By using different cameras at the Averave of all 7 l s t

same time or steady state behavior Station Cam eras

of these experiments we can
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significantly improve our statistics .
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Getting Off of the Principal Release Isentrop e
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Results PB~~for 9502 Wave
Collision Experiment PRad 0 11 0

Comparison of axial density from
MESA Calculation using the JWL
EOS and radiographic determined
density found on axis in PRad0110 .
Lower densities and slower shock
velocities than the experiment would
indicate .

3

25

Wave and Particle Positions

10 .0 0

5 . 0 0

~..i
0 .00

o

a (5 .00 )

(10 .00) t
o . oo

3 .00

~ . ~

0 . `

0 .(

E9
m's

o
ma~~ t) ( 0 .5 1

(1 .oi
5 .00 10.00 15.00

Time (yss)

Reflected Wave Velocities

2 .50 •The radiographic data set

2 .00
is being used by Mathews ,

15 rA Brand , Buescher etal . to
' S0 see if it is possible to

1 ,.oo estimate EOS parameters
a Q ~ 0 1 2 3 4 s from the radiographic

.5~0
z o 0 0 o images .

,e ft ~.~~+cy~y Time (µs)
MOM~' "• ~' a lbs Alar

S CM July 2003 8

o ~ o

Time (µs)



Conclusions

• PRad investigations of explosive experiments reveal shock
kinematics nicely .

• Good quality density measurements can be estimated in
central sections of axis-symmetric experiments - to make
the best possible estimates requires significant sacrifice in
temporal or spatial extents . -More beam could help
improve these statistics without these compromises .

• The data set is being examined by others to see if it s
possible to estimate EOS parameters using a linke d
calculational - radiographic image analysis approach .
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We have studied the propagation of detonation waves and reflections of normal incident
detonation waves in explosive products using the 800 MeV proton radiography facility at
LANSCE. Using this system, we obtain seven to twenty-one radiographic images of
each experiment. We have examined the experimental wave velocity and density of the
materials ahead and behind of the shocks as inferred from radiographs and compare them
to standard explosive equations of state . Finally we compare the experiments with
calculations of the experiments using the MESA hydrodynamics code .
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